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ABSTRACT
Summer flounder fParalichthvs dentatus) is a commercially and recreationally 
important species that has been declining in number in recent years, due in part to increased 
fishing pressure. As a result, federal and state management groups have created fishery 
management plans that include size limits, creel limits, and limited fishing seasons, in an 
effort to reduce fishing pressure and increase spawning stock biomass. Because of increased 
regulations and concern of recreational fishermen, increasing numbers of summer flounder 
are released when caught. Little is know regarding the survival of summer flounder released 
by recreational fishermen or factors that may significantly affect mortality in these fish.
In this study of summer flounder, two experiments were conducted in the fall of 1994 
to determine the influence of hook type and fish size on mortality of summer flounder when 
hooked and released. Summer flounder were caught during September and October 1994 
using an otter trawl and placed in a circular holding tank 6 m diameter x 0.5 m deep. Fish 
(ranging from 166 to 467 mm) were then angled using size 2 wide gap and strait shank offset 
hooks in Experiment 1, and size 2 strait shank hooks with crimped barbs and hooks with 
barbs not crimped for Experiment 2. Additional fish were netted from the tank to serve as 
a control groups in each experiment. All fish were freeze branded for individual 
identification, then held for 7 to 14 days to ascertain immediate and short-term mortality. 
Overall mortality for angled fish was 27% (42% for Experiment 1 and 18% for Experiment 
2) and all mortality occurred within 24 hours following hooking. No mortality occurred in 
control fish. The higher hooking mortality rate of Experiment 1 may be the result of higher 
water temperatures (21.8 to 23.5°C in Experiment 1 vs. 15.3 to 16.8°C in Experiment 2) . 
Mortality was not significantly affected by fish length or hook type, nor was there any 
significant interaction between these two factors in either experiment. Wound location and 
bleeding were factors principally associated with mortality. Only those fish which were 
deeply hooked (in the gills or esophagus) experienced mortality. Principal causes of 
mortality in these fish appear to be damage to vital organs and/or blood loss associated with 
the hook wound.
THE EFFECTS OF HOOK TYPE ON THE 
HOOKING MORTALITY 
OF TWO SIZE CLASSES OF SUMMER FLOUNDER, 
PARALICTHYS DENTATUS
INTRODUCTION
This project was designed as part of a larger study aimed at quantifying hooking 
mortality of summer flounder in Virginia waters and at identifying significant factors 
contributing to mortality in flounder released by recreational fishermen. These particular 
experiments focus on two of the many factors found to influence the rate of hooking 
mortality in certain species of fish. The goal was to determine whether hooking mortality 
rates for summer flounder, over time, differ significantly according to the type of hook used 
and/or the size of fish. Two trials were conducted to investigate whether hook design or 
presence of hook barbs significantly affects hooking mortality in small and/or large flounder.
Summary of Past Research
Research on hooking mortality has focused on Salmonids and/or recreationally 
important freshwater species (e.g., Pelzman 1978, Warner 1978, Warner and Johnson 1978, 
Dotson 1982, Wertheimer 1988, Goeman 1991). Relatively little information has been 
published on hook-related injuries and mortality in marine and estuarine species. Many 
factors including water temperature, length/size of fish, fishing gear/bait used, and 
anatomical location in which hook is embedded (often influenced by gear/bait used) have 
been found to have a significant impact on hooking mortality. Many of these factors seem 
to affect hoooking mortality rates for both freshwater and marine species in a similar manner 
whereas others appear to be more species specific.
2
Although some studies reported no significant relationship between water 
temperature and hooking mortality (Mamell and Hunsaker 1970, Hegen et al. 1984, Nuhfer 
and Alexander 1992, Malchoff 1995), many others demonstrated a positive relationship 
between these variables for both freshwater and saltwater species. Muoneke (1992) found 
a hooking mortality of 25.3% for bluegills using single hooks with live bait during summer 
months when water temperatures averaged 30 0 C, but a hooking mortality of only 1.1% 
during winter months when water temperatures averaged 16.70 C. Dotson (1982) showed 
increasing hooking mortalities of cutthroat trout from 0 to 8.6% with increasing water 
temperatures when fish were played to exhaustion before being released. For striped bass 
caught from and re-released into a freshwater lake, Hysmith et al. (1992) found hooking 
mortality during spring and summer months (69% and 47% respectively) much higher than 
hooking mortality during fall and winter months (8% and 13%). Survival of black drum and 
spotted seatrout, when caught on trotlines, was seen to decrease from 100% in winter cage 
studies to 67% for black drum and 64% for spotted seatrout in summer cage studies, while 
the survival of red drum remained 100% (Martin et al. 1987).
Another factor which affects the hooking mortality of certain species of fish is the 
length or size of the fish. Malchoff (1995) found significantly higher mortality rates for large 
striped bass as compared to smaller striped bass when caught under similar angling 
conditions. Hysmith et al. (1992) reported a direct relationship between fish length and 
hooking mortality of striped bass. Similarly, Bugley and Shepherd (1991) found mortality 
of hooked and released black sea bass to be highest in larger fish. A positive correlation 
between size of fish and hooking mortality also was seen in wild brook trout caught on
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artificial lures (Nuhfer and Alexander 1992). In contrast, mortality of hooked and released 
white crappie below 178mm total length (TL) was 55% compared to 15% mortality observed 
in fish over 178mm TL (Childress 1987). Loftus et al. (1988) found significantly higher 
hooking mortalities in lake trout of smaller size classes. In other cases, no significant 
relationship has been demonstrated between size of fish and hooking mortality. Bettoli and 
Osborne (1995) failed to find a significant statistical relationship between survival of 
released fish and total length of striped bass when angled during summer months. For red 
snapper caught at various depths off the coast of Texas, there was also no significant 
difference in survival of hooked fish due to their size (Gitschlag and Renaud 1994). A study 
of factors affecting hooking mortality in rainbow trout also failed to demonstrate a 
correlation between mortality and size of fish (Dotson 1982). For Atlantic salmon, no 
difference between hooking mortalities of legal sized and sublegal fish was detected 
(Warner 1978, Warner and Johnson 1978). While the survival rate of red drum below the 
size limit (406 mm) was not significantly different from that of legal sized drum, seatrout 
smaller than 305 mm were more likely to live than legal sized seatrout (Thomas et al. 1995).
Playing time of fish and/or fish handling procedures are other factors commonly 
considered to affect hooking mortality. However, playing time and/or handling are often 
shown to have no significant effect. Mamell and Hunsaker (1970) found that "playing" of 
cutthroat trout for up to 10 minutes did not increase mortality. Bettoli and Osbome (1995) 
found no correlation between landing time and survival of hooked striped bass. Hegen et al. 
(1984a) found no significant difference in survival between spotted seatrout subjected to a 
wide range of "normal" handling by sport fishermen and that of the control group. Williams
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(1995) also found that handling did not appear to affect survival of scup and bluefish caught 
by hook and line then released. Although extreme abuse undoubtedly would increase 
mortality, reasonable handling of angled fish does not appear to be a major factor in 
determining catch-and-release mortality, at least for those species which have been studied.
Although different gear often is utilized when targeting different species, a general 
trend of higher mortality is seen in many fisheries when single hooks with bait are used 
(Stringer 1967, Hunsaker and Mamell 1970, Warner and Johnson 1978, Clapp and Clark 
1989, Payer et al. 1989, Siewert and Cave 1990, Diodati 1991, Hysmith et al. 1992, Pauley 
and Thomas 1993, Thomas et al. 1995). Bluegills caught with worms exhibited a mortality 
of 88% compared to 32% when caught on artificial flies and 28% when caught on lures 
(Siewert and Cave 1990). Warner and Johnson (1978) observed similar results in Atlantic 
salmon with 35% mortality in worm-hooked fish and 4% mortality in fly-hooked fish. For 
smallmouth bass, Clapp and Clark (1989) found a hooking mortality of 11% for those 
hooked on live minnows but no mortality for those fish hooked on artificial spinners. Payer 
et al. (1989) found 10% hooking mortality for walleyes caught on live bait (leeches), but no 
mortality for fish caught on artificial lures. This increased mortality when single hooks and 
live bait are used may be attributable to the hooks being taken farther into the mouth, 
producing more serious or gut-hooked wounds than other gear (Klein 1965, Payer et al. 
1989, Siewert and Cave 1990). Tackle/hook type does not appear to significantly affect 
hooking mortality in all species, however. No significant difference in mortality rates of red 
drum and spotted seatrout was seen when fish were caught in Texas waters on single baited 
hooks or artificial treble-hook lures (Matlock et al. 1993).
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In a study of troll-caught chinook salmon, a significant difference in wound location 
was produced when various hook styles were used. Circle hooks and wide gap hooks had 
a higher incidence of being lodged in the periphery of the mouth, whereas straight shank 
hooks were much more likely to be caught in the gills or other vital areas, thus producing 
higher mortality rates (Orsi et al. 1993). Studies also have been conducted to determine 
whether the use of barbless hooks or the practice of crimping barbs reduces mortality in 
hooked fish by making hook removal easier and limiting damage to the fish (Butler and 
Loeffel 1972, Dotson 1982, Schaefer 1989). Results of these studies have been varied. For 
cutthroat trout, there was no significant difference in mortality rates between fish caught 
using barbless hooks and fish caught with barbed hooks (Dotson 1982). Additionally, no 
significant difference in mortality rates was detected between walleyes caught on barbless 
hooks versus those caught on barbed hooks (Schaefer 1989). For salmon caught using 
barbed and barbless hooks in Oregon’s troll fishery, mortality was significantly greater for 
those coho salmon caught using barbed hooks, but no significant difference occurred in 
chinook salmon using barbed or barbless hooks (Butler and Loeffel 1972).
One of the most crucial factors affecting hooking mortality is the location of hook 
wound and/or placement of the hook in the fish. Hook location is influenced by the type 
and/or size of gear and the size and/or species of fish (Gjemes et al. 1993). Those fish which 
are larger and perhaps more voracious feeders, combined with gear which is easier to ingest 
(single hooks with bait), can result in deeper hook/bait ingestion and thereby produce more 
serious physical damage to vital organs. Strong correlations have been demonstrated 
between higher hooking mortality rates and deeply hooked or gut-hooked fish (Hunsaker and
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Mamell 1970, Jordan 1991, Pelzman 1978, Bugley and Shepherd 1991, Dextrase and Ball 
1991, Pauley and Thomas 1993, Williams 1995). Fish that are deeply or gut hooked 
frequently experience physical damage to such critical areas as the gills, eyes, stomach or 
esophagus, increasing the rate of mortality when compared to superficially or lip-hooked 
fish. Williams (1995) found that superficial hooking locations had no effect on mortality of 
scup while hook penetration in the gills and esophageal regions resulted in 95.9% mortality. 
For cutthroat trout, the probability of death was greatest when fish were hooked in the gills 
(95.5%), tongue (66.7%), esophagus (65.5%), or eye (53.8%) (Pauley and Thomas 1993). 
In earlier work, hooking mortality of 73% was observed in cutthroat trout when baited hooks 
were swallowed, while a mortality of only 8.2% occurred when fish were hooked 
superficially (Hunsaker and Mamell 1970). For red drum caught in a Georgia estuary, 
mortality of fish hooked in the maxilla region was 8.4%, 32.5% in the gill region, and 52.8% 
in the gut region (Jordan 1991). Work by Pelzman (1978) on largemouth bass and Bugley 
and Shepherd (1991) on black seabass found that hooking mortalities occurred only in those 
fish which had been deeply hooked.
In many hooking studies a positive relationship has been demonstrated between 
mortality and rate of bleeding following the hooking of fish (Warner 1978, Dextrase and Ball 
1991, Pauley and Thomas 1993), typically a reflection of the area in which the hook is 
embedded. Also, removing the hook from deeply hooked fish can cause significant damage 
and result in severe bleeding. It has been suggested that damage and mortality can be 
reduced in deeply hooked or gut-hooked fish by cutting the leader and leaving the hook in 
place. Consequently, significantly higher mortalities have been noted when the hook was
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removed versus left in the fish (Mason and Hunt 1967, Warner 1979, Hulbert and Engstrom- 
Heg 1980). For example, hooking mortality in worm-hooked brown trout was 59 % when 
the hooks were removed, but only 18% when the leaders were clipped leaving the hooks in 
place (Hulbert and Engstrom-Heg 1980).
Although most hooking mortality studies have involved holding angled fish under 
artificial conditions in tanks or pens, several other approaches have been utilized to estimate 
mortality associated with catch-and-release fishing. Ultrasonic tags have been used to assess 
release mortality and track large open-ocean gamefish such as billfish, sharks, and mackerel 
(Jolley and Irby 1979, Edwards 1995). Similarly, such techniques also have been employed 
in striped bass (Bettoli and Osborne 1995) and red drum (Edwards 1995). Attempts have 
also been made to quantify release mortality in reef fish based on tag and recovery data. 
Return rates of tagged fish are assumed equal regardless of the method by which they were 
captured and any differences in return rates can be attributed to mortality resulting from the 
method of capture (Schirripa 1995). Although these approaches to defining release mortality 
release fish back into their environment, thus avoiding holding affects and allowing post­
release behavior to be monitored, they are also costly (ultrasonic tags and tracking equipment 
can be extremely expensive) and time consuming (it can take many years for the number of 
tag returns necessary for analysis of mortality).
Status of Stocks
Summer flounder (Paralichthys dentatus) is one of the most important recreational 
and commercial species of the Mid-Atlantic region (MAFMC 1990; 1991). Recreational
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landings account for a large portion of total landings of summer flounder, sometimes 
exceeding commercial landings. Historically, recreational landings have comprised 
approximately 40 percent of total landings of summer flounder (NMFS 1993).
Since 1980, total east coast landings by weight for summer flounder have declined. 
As of 1990, commercial landings of summer flounder along the Atlantic coast dropped to 
their lowest level in 15 years, while the estimated recreational catch was also at a record low 
(MAFMC 1990). Although landings have improved slightly in recent years (Figure 1), they 
still are well below the average for past years (NMFS 1995). Assessments continue to 
indicate that summer flounder stocks along the entire Atlantic coast are experiencing growth 
and recruitment over-fishing (CBP 1991, MAFMC 1991, NMFS 1995).
Continued high fishing mortality rates experienced by summer flounder make the 
recreational and commercial fisheries largely dependent upon each year's recruitment 
(MAFMC 1991). Biological surveys indicate a virtual failure of the 1988 year class for 
summer flounder (MAFMC 1991). Continued survey efforts in Virginia, while indicating 
some resurgence in the 1990 and 1991 year classes, demonstrate a decline in number of the 
1992 and 1993 young of the year (y-o-y) to the lowest level in the history of the index series 
(Austin 1994, NMFS 1995). The juvenile index level for 1994 recovered to that of 1990 and 
1991 (Figure 2) but still remains well below those of the early 1980s (Bonzek et al. 1995).
The Fishery Management Plan (FMP) for summer flounder states that fishing 
mortality of flounder must be reduced significantly and that research is required to improve 
estimates of catch-related mortality attributed to use of certain gear, e.g., hook and line, 
trawls. (MAFMC 1990; 1991). The FMP for summer flounder set a target fishing mortality
9
Figure 1. Commercial and Recreational Landings for Summer Flounder in the 
United States, 1983-1993 (NMFS 1995).
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Figure 2. Juvenile Indices for Summer Flounder in the Chesapeake Bay and Its 
Tributaries, 1979-1994 (Bonzek et al. 1995).
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rate of 0.53 for the years 1993 through 1995, and 0.23 for 1996 and beyond. Analyses of age 
composition data from the National Marine Fisheries Service (NMFS) Northeast Fisheries 
Science Center and various states indicate that flounder fishing mortality rates have ranged 
from 1.18 to 1.83 for the period of 1984-1992, greatly exceeding that necessary for 
producing maximum yield per recruit (NMFS 1995).
To accomplish fisheries management objectives, size limits often are implemented 
in an attempt to control fishing mortality and increase the spawning stock (CBP 1991). In 
accordance with the FMP and coordinated efforts of the Atlantic States Marine Fisheries 
Commission (ASMFC), the Virginia Marine Resource Commission (VMRC) established a 
summer flounder recreational fishery minimum size limit of 14 inches total length and a creel 
limit of 8 fish per person per day. Hook and line fishermen are to release all undersized 
flounder, as well as all fish over the creel limit.
Due in part to fishery regulations, the percentage of summer flounder that are 
released by recreational fishermen when caught increased in recent years and now accounts 
for more than 60 percent of the total catch (Figure 3). According to NMFS Marine 
Recreational Fishery Statistics Survey (MRFSS), in 1994, an estimated 9 million summer 
flounder were released alive by recreational fishermen (Salz 1995). Little is known, 
however, regarding the survival of summer flounder released by recreational fishermen.
Mortalities associated with catch-and-release fishing reduce potential effectiveness 
of minimum size limits as the probability decreases that undersized, released fish will survive 
(Waters and Huntsman 1986). As the probability of survival decreases, minimum size limits 
become less effective as management tools. Therefore, it is important to determine the
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Figure 3. Percentage of Recreational Catch of Summer Flounder Released by 
Fishermen in the United States, 1983-1994 (Salz 1995).
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magnitude of immediate and delayed mortality of sub-legal size fish associated with hook- 
and-release practices (Pelzman 1978). It is also important to determine significant hooking- 
associated mortalities, if any, in larger fish released by anglers in compliance with creel 
limits.
The Atlantic States Marine Fisheries Commission is currently using the figure of 
25% mortality in stock assessment models to account for the mortality of summer flounder 
after release by recreational fishermen. This figure of 25% is not based on research on 
summer flounder but rather on hooking mortality studies of other species in other states 
(ASMFC 1991). Because hooking mortality varies widely between species and areas, the 
actual rate for hooking mortality of summer flounder in Virginia waters may be vastly 
different from the 25% being used in fishery management decisions. Therefore it is 
imperative that studies be conducted to determine actual hooking mortality rates for summer 
flounder and to identify factors contributing significantly to mortality in flounder released 
by recreational fishermen. Thus, the following study was conducted to determine what 
effects hook style, presence or absence of hook barbs, and fish size have on hooking 
mortality in summer flounder.
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MATERIALS AND METHODS
Hook types and bait combinations for the following experiments were chosen after 
surveying tackle shops, charter boat captains, and recreational fishermen as to preferred 
fishing tackle and techniques used when targeting summer flounder. With flounder, anglers 
often slightly delay setting the hook after first feeling the fish pick up the bait. This 
improves chances that the baited hook gets deeper into the fish's mouth, thereby producing 
higher catch rates. Coupled with the use of fresh bait, this practice potentially increases the 
likelihood of deep hooking, possibly resulting in high hooking mortality rates.
Collection and holding methods were extensively field tested beginning in 1993 at 
the Virginia Institute of Marine Science (VIMS), Gloucester Point. The experiments 
reported on here were performed at the VIMS Wachapreague lab, where known flounder 
fishing areas existed and where a tank built by the New England Aquarium was available for 
use.
Holding Conditions
Experimental facilities consisted of a large circular fiberglass tank (6m in diameter, 
1.5m deep) with a capacity of 40,000 L. Since flounder are benthic fish, generally utilizing 
very little of the water column, the level of the tank was lowered to approximately 0.5m to 
allow for rapid turnover of the tank water with a corresponding maintenance of good water 
quality. The tank was set up as a flow thru system (approximately 3 L/sec) with raw water 
pumped directly from the major channel bordering the lab. The water passed through two
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large sand filters to reduce the organic load and improve water clarity before entering the 
tank. Coarse sand was added to the tank as a substrate in which the flounder could bury 
themselves (behavior previously noted in flounder held in captivity by Olla et al. 1972). 
Shade cloth was suspended over the tank to reduce exposure of the flounder to direct 
sunlight.
Prior to the collection of flounder, the experimental tank was divided into three 
sections using a modified beach seine. Half of the tank was designated as the “release” 
portion of the tank in which fish were placed after being hooked, thereby avoiding re- 
hooking fish. The other half of the tank was divided to create two equal areas for holding 
“small” and “large” unhooked flounders.
Collection of Fish
Summer flounder were collected using an otter trawl (10 m with a mesh size of 
2.5cm) in the vicinity of Wachapreague, Virginia. Tows were limited to 10 minutes to 
reduce trauma and injury to fish caught in the net. The trawl net was brought on board and 
emptied into a fish tote in which the catch was sorted. Any summer flounder showing signs 
of injury (abrasions, continued lethargy and/or rapid gilling) and all other non-target species 
were released. Those flounder that appeared to be in good condition were placed in large 
aerated coolers (100-150 L) for transport back to the VIMS Wachapreague facilities.
After transport back to the lab, the flounder were separated according to size and 
designated as “large” fish (those over 330mm) or “small” fish (those under 330mm) and 
placed in their respective areas in the tank. Fish then were allowed several days to acclimate
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to holding conditions during which time they were fed live minnows on a daily basis. Fish 
appearance and response to the live prey were used as indicators of acclimation to the 
holding facilities.
Identification of Fish
All summer flounder studied in the experiments were marked for individual 
identification. Cold or freeze branding was chosen as the method for identification, because 
of the ease with which it can be accomplished and because it appears to cause minimal injury 
and stress to the fish (Wydowski and Emery 1983). This method previously has been used 
to mark other flatfish species with no negative effects on growth, behavior, and survival 
(Dando and Ling 1980, Berge 1990).
The branding apparatus, adapted from an electric cattle brander, consisted of a slotted 
holder with 2cm interchangeable metal characters. Characters were arranged and secured 
in the holder then placed on dry ice for cooling. The supercooled branding iron was then 
held against the flounder (dorsal side, posterior region) for a few seconds to produce the 
brand. Brands were visible on the flounder throughout the duration of the experiment 
making it possible to identify individual fish and make notes regarding their condition and 
behavior without always having to disturb them by removing them from the tank.
Experimentation
After a determination was made that fish were suitably acclimated, summer flounder 
were fished out of their respective areas of the tank using Fundulus heteroclitis and
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standardized hooks (#2 straight shank or wide gap hooks for trial #1, #2 straight shank hooks 
crimped or uncrimped for trial #2). Flounder were allowed to take the bait then given slack 
line, a practice common to many flounder fishermen. The hook was then set and the fish 
reeled in. The fish then were removed from the tank using a net, measured, cold branded and 
photographed. A determination of the placement of the hook was also made and any 
bleeding or damage of fish noted. The hooks then were carefully removed from the fish and 
the fish returned to the “release” portion of the tank for observation and recording of post- 
hooking behavior and survival.
In each trial, for each pair of flounder fished out of the tank, one of the same size 
class was removed from the tank using the landing net to serve as a control for that replicate. 
Control fish were measured, cold branded, and placed in the “release” portion of the tank.
After finishing the hooking process, any remaining flounder in the “catch” areas of 
the tank were removed and released and the modified seine net dividing the tank was 
removed to allow the flounder free range of the entire tank. Flounder were fed live prey. 
Temperature and dissolved oxygen in the tank were monitored daily. Sand filters were back- 
washed twice daily to insure good clarity and water quality. Other water parameters 
(salinity, ammonia, nitrate, nitrite) were monitored during the experiment to insure that no 
other water quality problems arose.
The tank was checked regularly after the hooking of fish to evaluate the immediate 
(within 24 hours) and delayed (short-term) mortality. Dead fish were removed and 
necropsied to determine the probable cause of death (trauma to vital organs, secondary 
infection, etc.). Mortality for each size class and treatment group was calculated and
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analyzed using and the G-test or log-likelihood ratio test (Sokal and Rohlf 1981) generated 
by SPSS software to determine those factors or interactions that contributed significantly to 
mortality in these fish. Yate’s correction for continuity was used when appropriate and all 
tests were analyzed at the .05 significance level.
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RESULTS 
Preliminary Experiments
Preparation of holding facilities and collection of summer flounder began in April 
1994. Preliminary work involving the manipulation and holding of summer flounder 
followed. Two experiments were conducted April through May 1994. In the first 
experiment, only fish that were deeply hooked died. As a result, subsequent experiments 
were designed to increase the likelihood of gut-hooking fish in order to determine those 
factors which significantly affect mortality in such fish. The second experiment focused on 
comparing mortality in deeply hooked fish in which hook leaders were cut and hooks left in 
place vs. hooks removed. No significant difference in mortalities between the two groups 
was seen, however, fish in which hooks were removed tended to die immediately(within 24 
hours), while fish in which leaders were cut and hooks left in took longer to die(up to 3 days 
post-hooking).
In June of 1994, as water temperatures began to rise in Wachapreague (Figure 4), 
mass die offs of captured fish occurred. Mortality occurred after collection during transport 
back to the lab and continued for several days following capture. As temperatures remained 
high throughout July and August, outbreak of disease in tank held flounder occurred 
(thought to be caused by Vibrio bacteria) and mortality of trawl-caught summer flounder 
continued, halting further experiments. Experiments resumed in mid-September when water 
temperatures dropped into below 25 °C and mortalities ceased in flounder collected by trawl 
and transported back to the lab.
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Figure 4. Average Monthly Water Temperature at the Virginia Institute of
Marine Science Eastern Shore Lab, March-October, 1994 (Unpublished).
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Trial #1: Straight Shank vs. Wide Gap Hooks
Hooking of summer flounder occurred September 26 through September 29, 1994. 
Water temperatures ranged from 21.8 to 23.5 °C and dissolved oxygen ranged from 4.7 to 
5.1 mg/1. Twelve flounder were caught using each hook type (6 from each size class), and 
twelve flounder served as control fish, for a total of 36 fish (ranging from 182 to 467 mm 
TL). All fish were held for 14 days to ascertain immediate and delayed mortality.
Differences in mortality between the treatment groups and the control group were 
highly significant (G=9.94, df=2, p<.01). Overall mortality for hooked fish was 42% while 
control fish experienced no mortality. There was no difference in mortality of those flounder 
angled using straight shank hooks and those caught on wide gap hooks (G=.00, df=l, 
p>.05)[Table 1]. The location of hook wound did vary slightly according to hook type. 
Straight shank hooks resulted in 50% of fish hooked in the esophagus, 8% hooked in the eye, 
and 42% hooked in the jaw; wide gap hooks resulted in 42% hooked in the esophagus, 17% 
hooked in the gills, and 41% hooked in the jaw when using wide gap hooks.
The mean total length for hooked flounder experiencing mortality was 348mm, 
compared to a mean total length of 286mm for flounder surviving the hooking process 
(Figures 5 and 6). Although mortality for large hooked flounder (>330 mm) was 50% while 
that of small hooked flounder (<330 mm) was only 33%, the difference was not statistically 
significant(G=.69 ,df=l , p>.05 ). No significant interaction between hook type and size of 
fish was detected (G=.00, df=l, p>.05).
Factors which did significantly affect mortality in hooked fish were location of hook 
wound and degree of bleeding (G=25.90, df=3, p=.0001; G=18.37, df=3, p<.001,
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Table 1. Factors Contributing to Mortality of Summer Flounder in Experiment 1
Factor Tested G-Test Value Significance
Hook Type .00 ns
Size of Fish .69 ns
Location of Hook Wound 25.90
Degree of Bleeding 18.37 ***
ns- non significant at .05 level 
***- significant at .001 level 
****-significant at .0001 level
Figure 5. Size Distribution of Hooked Summer Flounder Experiencing Mortality in 
Experiment 1
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Figure 6. Size Distribution of Hooked Summer Flounder Survivors in Experiment 1
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respectively). All mortality occurred in fish that had been deeply hooked and experienced 
bleeding. Bleeding was categorized as none, slight, moderate or heavy and mortality 
calculated for each category. Of those summer flounder hooked in the esophagus, 91% died 
(Table 2) and 82% of all fish exhibiting moderate to heavy bleeding died (Table 3). 
Necropsies of dead fish revealed extensive damage including rupturing of the pericardial 
cavity and destruction of gill arches with subsequent hemorrhaging, as well as distension of 
stomach and associated abdominal organs.
All mortality that was observed during the course of the experiment occurred within 
24 hours after hooking. Several flounder exhibited lunging and erratic swimming behavior 
after being hooked and released into the tank that seemed to precede death.
Trial #2: Crimped Barbs vs. Uncrimped Hooks
Hooking of summer flounder took place October 18 through October 21, 1994. 
Water temperatures ranged from 15.3 to 16.8°C and dissolved oxygen ranged from 6.0 to 
6.5 mg/1. Nineteen flounder were caught using each hook type (11 small flounder and 8 
large flounder) and nineteen fish served as controls, for a total of 57 flounder (ranging from 
175 to 462 mm TL). Because no mortality was observed in the previous experiment more 
than 24 hours post-hooking, flounder were held for only 7 days to ascertain immediate and 
delayed mortality.
Overall mortality of all hooked fish was 18%, significantly greater than that of the 
control fish which experienced no mortality (G=7.78, df=2, p<.05). Mortality was not 
significantly different between fish hooked using hooks with crimped barbs and those with
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Table 2. Mortality of Hooked Summer Flounder in Experiment 1 According to
Anatomical Location of Hook Wound
Anatomical Location of 
Hook Wound Number of Fish Percent Mortality
Lip/Cheek 10 0%
Eye 1 0%
Esophagus 11 91%
Gills 2 0%
Table 3. Mortality of Hooked Summer Flounder in Experiment 1 According to 
Degree of Bleeding
Degree of Bleeding Number of Fish Percent Mortality
None 10 0%
Slight 3 33%
Moderate 5 80%
Heavy 6 83%
barbs (G=1.62, df=l, p>.05)[Table 4]. Mortality was 11% for those flounder caught on 
uncrimped #2 straight shank hooks and 28% for those caught on crimped #2 straight shank 
hooks. The location of hook wound varied between hook types. Uncrimped hooks produced 
55% of fish hooked in the jaw, 28% of fish hooked in the eye, and 17% of fish hooked in the 
esophagus. With crimped hooks, 28% of fish were hooked in the jaw, 11% hooked in the 
eye, 11% hooked in the gills, and 50% hooked in the esophagus. All mortality occurred 
within 24 hours post-hooking.
Mortality was significantly affected by wound location and degree of bleeding 
(G=16.90, df=3, p<.001, G=15.76, df=3, p<.01). All mortality that occurred was in deeply 
hooked fish that experienced some bleeding following hooking (Tables 5 and 6). Of those 
flounder hooked in the esophagus, 58% died while 55% of fish experiencing moderate or 
heavy bleeding died. Necropsies of dead fish once again revealed extensive damage to vital 
organs and mass hemorrhaging in many of these fish.
The mean total length for hooked flounder experiencing mortality was 323mm, 
compared to 293mm for surviving hooked fish (Figures 7 and 8). Although no significant 
differences were detected in mortalities between large and small hooked fish (G=.79, df=l, 
p>.05) mortality for large fish was 25% (38% for crimped hooks and 13% for uncrimped 
hooks), while that of small fish was only 14% (18 % for crimped hooks and 9% for 
uncrimped hooks). No significant interactions between hook type and size of fish were noted 
(G=.39, df=l, p>.05; G=1.38, df=l, p>.05).
Mortality rates for uncrimped #2 straight shank hooks were compared from 
Experiments 1 and 2 to determine if mortality rates were significantly different. Although
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Table 4. Factors Contributing to Mortality of Summer Flounder in Experiment 2
Factor Tested G-Test Value Significance
Hook Type 1.62 ns
Size of Fish .79 ns
Location of Hook Wound 16.90 ***
Degree of Bleeding 15.76 **
ns- non significant at .05 level 
**- significant at .01 level 
***- significant at .001 level
Table 5. Mortality of Hooked Summer Flounder in Experiment 2 According to Anatomical
Location of Hook Wound
Anatomical Location of 
Hook Wound Number of Fish Percent Mortality
Lip/Cheek 17 0%
Eye 7 0%
Esophagus 12 50%
Gills 2 50%
Table 6. Mortality of Hooked Summer Flounder in Experiment 2 According to 
Degree of Bleeding
Degree of Bleeding Number of Fish Percent Mortality
None 21 0%
Slight 6 17%
Moderate 2 50%
Heavy 9 56%
Figure 7. Size Distribution of Hooked Summer Flounder Experiencing Mortality in 
Experiment 2
Nu
m
be
r 
of 
Fi
sh
Total Length (mm)
Figure 8. Size Distribution of Hooked Summer Flounder Survivors in Experiment 2
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the mortality was 42% for # 2 striaght shank hooks in Experiment 1 and only 11% in 
Experiment 2, mortality rates were not significantly different (G=2.53, df=l, p>.05).
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DISCUSSION
Mortality of summer flounder hooked and released was significantly greater than that 
of control fish for both experiments. Only those fish that were deeply hooked with damage 
to vital organs (as determined by necropsies of dead flounder) and subsequent blood loss 
experienced mortality. The lack of mortality in control and superficially hooked fish 
indicates that holding and handling conditions alone do not significantly affect mortality in 
summer flounder caught and released by recreational fishermen at water temperatures of 15.3 
to 23.5 °C.
All mortality in summer flounder occurred within 24 hours after hooking. These 
“immediate” mortalities appeared to directly result from damage incurred during the process 
of setting the hook and attempted removal. Hook removal often added to initial damage by 
causing additional trauma to vital organs, especially the stomach and ocassionally the gills. 
No short-term or “delayed” mortality was noted in either experiment. Though none was 
observed in the present study, delayed mortality in hooked fish may occur several days after 
hooking as a result of disease or osmoregulatory dysfunction due to cumulative or chronic 
stress (Muoneke and Childress 1994). Most hooking mortality studies reviewed also 
demonstrated highest mortality within 24 hours after hooking, and little or no delayed 
mortality (Mason and Hunt 1967, Warner and Johnson 1978, Jackson and Willis 1991).
Although hooking mortality was generally higher in this study for large fish vs. small 
fish (35% for fish >3 30mm and 20% for fish <330 mm for Experiments 1 and 2 combined), 
there was no statistically significant difference in mortality between the two size classes of
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fish in either experiment. Similar results were noted by Thomas et al. (1995) in a study of 
hooking mortality in red drum. Although there was no significant difference in mortality 
between legal sized and sub-legal sized drum, small drum were more likely to survive. 
Larger fish are often more voracious feeders and having larger mouths may ingest hooks 
deeper. In combination, these factors increase the potential for greater damage to vital 
organs and thereby increased hooking mortality. Flounder are lie-and-wait predators with 
distendable jaws that enable them to swallow very large prey relative to their body size. 
Such feeding behavior, coupled with the use of relatively small hooks, may enhance the 
swallowing of hooks in even small flounder, possibly resulting in significant hooking 
mortality rates for small fish as well.
Another factor that did not appear to contribute significantly to mortality in hooked 
summer flounder was hook type (whether straight shank, wide gap, crimped or uncrimped). 
All fish in these experiments were caught on single hooks with live or fresh bait, the 
combination most commonly used by recreational fishermen when targeting flounder in 
Virginia. When compared to artificial lures, treble hooks, etc., this combination has resulted 
in higher hooking mortality rates in other species (Muoneke and Childress 1994). Only fish 
that were deeply hooked (that had swallowed the hook or sustained gill damage) experienced 
mortality, and hook shape or presence/absence of hook barbs did not appear to affect hooking 
mortality. Similar results were seen in hooking mortality studies of chinook salmon, 
cutthroat trout, and walleyes (Butler and Loeffel 1972, Dotson 1982, Schaefer 1989).
One factor which appears to be highly significant in contributing to mortality 
in summer flounder is the location of the hook wound. As previously mentioned, mortality
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in these experiments occurred only in those fish that were hooked in the gills and esophagus, 
many of which sustained serious damage to vital organs. Location of the hook wound 
appears to be one of the most significant factors in hooking mortality of freshwater and 
marine species (Muoneke and Childress 1994). In many studies, the only mortality that 
occurred was in deeply hooked fish, with no mortality noted in superficially hooked fish 
(Pelzman 1978, Bugley and Shepherd 1991, Williams 1995). Fish hooked in the eye have 
been demonstrated to experience significant mortality (Pauley and Thomas 1993). However, 
no mortality occurred in summer flounder hooked in the eye.
Another significant factor influencing mortality in hooked and released summer 
flounder is the degree of bleeding at the time of release. An increase in mortality was noted 
in both experiments as the degree of bleeding increased. Similar results have been noted in 
other hooking mortality studies (Warner 1978, Dextrase and Ball 1991, Pauley and Thomas 
1993).
For many of the statististical tests run in this study to determine which factors were 
significant in contributing to mortality in these fish, significant differences among 
treatments may have been nondeterminable due to relatively small sample sizes. Sample 
sizes were limited by the availability of summer flounder, and the size of the experimental 
tank available for use. The number of fish held at one time was kept low to avoid excess 
stress and outbreak of disease due to overcrowding.
Overall mortality of hooked fish for Experiment 1 was 42%, while that in 
Experiment 2 was only 18%. Some of this difference in mortality rates can be accounted for 
by the higher percent of fish being deeply hooked in Experiment 1 versus Experiment 2
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(54% and 37% respectively). However, deeply hooked fish (those hooked in the esophagus 
or gills) experienced 80% mortality in Experiment 1 but only 50% mortality in Experiment 
2. These differences in mortality, although not statistically significant, may indicate the 
importance of water temperature in the hooking mortality of summer flounder. Water 
temperatures in Experiment 1 were much higher than those in Experiment 2 (21.8-23.5°C 
vs. 15.3-16.8°C) and dissolved oxygen values were correspondingly lower (4.7-5.1 mg/1 vs. 
6.0-6.5 mg/1).
Hooking mortality in many species has been demonstrated to increase with increasing 
water temperature (Muoneke and Childress 1994). Even if water temperature itself is not a 
significant factor, cumulative effects of numerous sublethal stress factors (handling, 
transporting, holding, high water temperatures, low DO, etc.) can lead to death even though 
a specific factor may not exceed a fish’s tolerance limits (Wedemeyer et al. 1990). Such 
stress often results in an increase in metabolic rate and a corresponding increase in oxygen 
consumption (Barton and Iwama 1991). As dissolved oxygen levels decrease, an increase 
in metabolic rate and oxygen consumption can be especially hazardous to fishes’ survival. 
This may be the case for those summer flounder caught by otter trawl that died prior to 
hooking in the summer months. It also could be a contributing factor in the higher mortality 
seen in Experiment 1 of this study.
Hooking experiments were conducted in a large tank rather than in the field to allow 
for easier manipulation and replication as well as close observation of fish following 
hooking. Many factors must be taken into consideration when attempting to apply such 
results to “real world” situations. The cumulative stress of being caught in a trawl net,
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handled, and held in facilities which restrict movement, may have combined to produce 
higher mortality rates than those normally found in summer flounder caught and released by 
recreational fishermen. Many recreational fishermen fish for flounder from boats while 
drifting with the currents and/or wind. This practice may contribute to a reduced rate of gut- 
hooking fish as they are less able to ingest the bait and hook with the constant motion 
imparted by this fishing practice.
Other ways in which these experiments were unable to accurately replicate “real 
world” fishing situations were the short fighting times, shallow water depth, and inability 
of fish to make long “runs” after taking the bait, due to the constraints of the holding tank. 
In past experiments, fighting times were not found to significantly affect mortality of angled 
fish, as long as they were not fought to exhaustion (Mamell and Hunsaker 1970, Bettoli and 
Osborne 1995). If fighting time is a significant factor in the mortality of summer flounder 
caught and released, mortality rates in these experiments could be low due to the shortened 
fighting times. Likewise, if depth significantly affects mortality of caught and released 
summer flounder, as has been shown in crappie by Hubbard and Miranda (1991) and 
Childress (1989), the shallow depth at which these experiments were conducted could result 
in a lower mortality rate than that normally found in the wild.
Additionally, mortality rates obtained in these experiments do not account for any 
long-term effects that may occur as a result of flounder being hooked and released. In 
addition to cumulative stress effects, mortality by predation could be an important factor in 
long-term hooking mortality rates. Those fish which were gut-hooked or hooked in the eye 
could have difficulty foraging and avoiding predators. Although such fish were observed
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feeding in the holding tank post-hooking, predator avoidance and foraging in the wild could 
prove less effective for hooked and released flounder. Unfortunately, such comparisons were 
not possible in this study. The use of ultrasonic tracking, although expensive and time 
consuming, might provide key information regarding the long-term survival of these fish and 
their susceptibility to predation.
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CONCLUSIONS AND RECOMMENDATIONS
The overall mortality rate of 27% obtained in this study, although relatively close to 
the 25% figure being used by fishery managers to estimate mortality of summer flounder 
released by recreational fishermen, is probably higher than those seen in most recreational 
fishing situations. Additional experiments are necessary to determine whether these 
estimates accurately reflect mortalities experienced by summer flounder when caught and 
released in the wild. Because mortality rates varied between experiments under similar 
conditions, water temperature may be an important factor in determining mortality in hooked 
and released fish. Additional studies could reveal that hooking mortality rates vary 
significantly with water temperature and thus season. This issue should be resolved and 
addressed in fishery management decisions. The influence of water temperature on hooking 
mortality rates could prove particularly important if management agencies consider restricted 
fishing seasons for summer flounder in the mid-Atlantic region.
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Appendix A: Experimental Data for Experiment 1
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Appendix B: Experimental Data for Experiment 2
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